VIII. Ground Water Monitoring and Sampling

It was the middle of August now and with all the publicity over possible ground water contamination in Jefferson City some of the larger businesses and industries had gotten a little uneasy. A few had actually initiated their own monitoring programs. The usual reason for doing so was “to assure the safety of the citizens of Jefferson City.’’ Of course it couldn’t hurt to have your own data if by chance your company got hauled into court! Various state and federal agencies were also beefing up their data collection programs.

This created a lot of work for the handful of well drillers and contractors who were being called on to install all kinds of monitoring wells and test borings. It was fairly routine for Kenton to pass by one or two of these drilling operations everyday.

On the southeastern side of town, the USEPA was having some additional monitoring wells installed down-gradient from the Erinakis Scrap Lead Site. Out at the Kuma County Incinerator and Landfill a couple of different groups were doing the same. On that property the County had contracted for an entire monitoring well network to be installed consisting of four or five separate clusters of three wells, each well screened at a different level. Surrounding that property a concerned group of Jefferson City residents, calling themselves the Citizens Against Resource Pollution (CARP), had arranged for the geology department at the state university to install some monitoring wells and start a data collection program. The Jefferson City Water Department was also installing monitoring wells, and initiating and upgrading its data collection efforts around the municipal well fields along the river. Yes, there was a great deal of activity in Jefferson City this summer. One man told Kenton that if the drilling kept up, the place would look like a prairie dog town.

On a couple of occasions, Kenton stopped and watched the crews work. During those visits he learned a lot about drilling and got acquainted with two different drillers: Daryl Curley of Hydronamics, Inc. and Stanley Fiori of Fiori Water Wells. Kenton couldn’t get over the difference between these two characters and their approaches to the same task.

Curley, a tall slender, middle-aged fellow with a handlebar moustache, thought of himself as the epitome of the modern driller. As a matter of fact, he didn’t even call himself a driller. He would always sign his drill logs “Daryl Curley, Aquifer Penetration Engineer.” He was a know-it-all and slightly obnoxious, but Kenton enjoyed hearing him talk about his “modern approach” as compared to the “oldtimers.” Knowing Curley, watching him work and hearing about his past work from other folks, had convinced Kenton of one thing: it takes more than a fancy rotary rig and a blue jumpsuit with a company logo on the pocket to be a good well driller. Sure, some of the good ones have all of that, but they also have patience, an uncanny eye for detail and know what their rig is telling them. This guy was all glitter and Kenton just wasn’t sure of the integrity of his work. He seemed to work too fast, overlook too many details and cut corners whenever he could.

Then there was Stanley Fiori, 64, about five-foot-five, thick bushy eyebrows, fingers all gnarled up from arthritis and forearms as big around as the augers he tossed around. And very quiet-Curley uttered more words in 10 seconds than Stanley Fiori did in an entire day. Kenton watched him for a couple hours one day and couldn’t get over the patience that Fiori had with the old cable tool drill rig he had inherited from his father. Watching Fiori and his two man crew work was a little like watching a ballet or a skating exhibition. Each had a particular task and was always ready to perform it with the right tool at the right time. Every movement was coordinated with another, so that the entire drilling process was a string of fluid motions. Kenton used to joke that well drilling was one of Jefferson City’s highest art forms.

Fiori wasn’t a scholar, but he managed to write down every single detail about each sample and foot of earth that came out of a borehole. No, he couldn’t put in as many production or monitoring wells as Curley, but the ones he did manage to install would yield the drinking water or accurate samples needed.

Kenton learned that just like in everything else, there were good and bad well drillers and you shouldn’t judge them on how they looked. You had to watch them work.

Meanwhile, hack at the ranch houses. . . . The folks at Kuma Estates with the organics in their wells didn’t have many options to provide alternative water supplies. Very likely new wells would have the same problem. A petition to the City might bring in a water line from the municipal system, but in addition to the expense of laying the line, which they would very likely have to hear.

It might take a year or more for the gears of government to grind through the process even if they considered it an emergency. To the residents with the bad wells it certainly was an emergency and almost all of them had gone to bottled water just as soon as they were notified by the county health department.
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Contamination Detection

Ground water monitoring techniques will vary according to the type of contamination and the hydrogeologic conditions. Every monitoring venture must he accompanied by a well thought out plan, which can usually be supplied by a comp- etent technical consultant. First you must define the objectives of the program: what is to be monitored and what are the boundaries of the study area. Next, the geographic conditions must he considered. The source of contan~ination must be determined as accurately as possible as well as its proximity to areas of ground water production. Climate and topographic conditions must he studied. Finally, the hydrogeology of the area and the various physical and chemical processes acting on the contaminant must he understood.

Monitoring Wells

The primary objective of designing and constructing monitoring wells is to obtain representative information and samples of the ground water at a specific point. There are two categories of monitoring wells: those designed to measure water levels only and those designed to collect water samples. The design and construction of monitoring wells is dependent upon the types of measurements and types of samples being collected.

Construction

Drilling the holes into which monitoring wells are installed is done many ways. Each method has its own advantages and disadvantages depending upon the geology, time, and money available and the ultimate purpose of the well. Figure 8-1 summarizes different drilling methods as explained in detail in Ground Water and Wells, by Fletcher Driscoll.

Most monitoring well casing diameters are between 2 and 4 inches. Small casings are more favorable because they are less expensive, may he purged faster to obtain representative samples and several can he nested in a single borehole, which means less drilling.

Figure 8-2 shows three monitoring wells clustered in a single hole. Each well is screened at a different level for the detection of contaminants with different densities. The construction is fairly typical for most monitoring wells, either single or nested. An impermeable bentonite seal is usually positioned above and below the well screen or perforations so that water from outside the level of sampling does not enter the casing. A bentonite seal is also placed at the top of the boring to prevent the infiltration of surface water down along the casing. A sand or gravel pack is backfilled around the casing to increase hydraulic conductivity around the well and allow ground water to permeate freely into the area around the well screen. The slot size of the well screen is an important consideration. The size must be correctly chosen so the sediment and sand or gravel pack around the well cannot enter the casing and fill in the bottom of the well.

Several factors are considered in determining the depth to which the well will be drilled: the level at which information is being collected, seasonal fluctuations in water levels, and contaminant densities.

Casing material is extremely important and depends upon the types of substances being collected. The well casing must not react with the chemicals in the ground water or the results of chemical analysis may he thrown off and the entire monitoring program invalidated. Figure 8-3 summarizes various casing materials.

Placement. To detect a contamination plume, a minimum of three monitoring wells is needed. They should be arranged in a triangular arrangement so that one monitoring well is on the up-gradient side of the contamination source and two wells arranged on the down-gradient side parallel to the source of contamination. Both the width and the vertical dimension of a contaminant plume must be determined. And once detected, it may be necessary to extend the monitoring network to improve resolution. Figure 8 4 shows this type of monitoring network pattern around a landfill.
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Understanding the basic spatial relationships of the subsurface geology is of great advantage. Knowing the presence of highly permeable or impermeable layers can aid in the positioning of well screens. Remember the ground water carrying the contaminants will flow first along paths of high conductivity. Being aware of zones that may separate contaminated water above from uncontaminated water below can also pay off. Care can be taken to avoid drilling through these zones or precautions can be taken to pack off these zones during drilling. Failure to do so could result in the mixing of contaminants between zones as shown in Figure 8-5.

Sample Collection

A great deal of time and money can be spent on installing monitoring wells, and it can all be wasted if the proper sampling techniques are not used. Sampling must be carried out by someone, a consulting hydrogeologist or laboratory field technician, using' standardized sampling methods.

Sampling schedules should be adjusted according to the rate of contaminant or ground water movement. The higher the hydraulic conductivity, the more often the water should be sampled.

In sampling procedures, one must obtain a volume of water that is representative of the water in the surrounding formation. This usually means that the well casing must he evacuated before sampling can begin.

Sampling and pumping activities can cause physical and chemical disturbances in and around the well. Great care should therefore be taken not to disrupt the natural system. The use of certain pumps can cause turbulence that results in oxidstion of samples. Oxidation of organics, sulfides, iron, ammonium and other metals, can remove or alter the targeted constituents in solution.

The material used in the construction of the pump or sampling device can sometimes contaminate the sample. If sampling equipment is not dedicated to a single well, it must be properly cleaned and decontaminated before being used at another site. Technological advances in sampling equipment construction and design allow personnel to match the appropriate equipment to the type of sampling being done.

Finally, once the sample is obtained, it must be properly labeled, preserved, and, within a reasonable amount of time, submitted for analysis. Many samples deteriorate from exposure to sunlight, temperature, oxygen, and turbulence and, therefore, such refrigerated, enclosed protection as ice chests must be provided to preserve the samples.

Well Abandonment

Test holes, borings, test wells, monitoring wells, piezometers, or production wells, if they are not to remain as permanent facilities, must be properly secured for abandonment, In all cases, that means filling the well bore with a bentonite or other clay slurry, cement grout or other approved sealing material. Casing, if it is to he removed, should be pulled after the sealing mixture is added, There are approved methods for plugging all kinds of wells which are described in standard references. Many states have specific regulations for abandonment which must be followed. Improperly sealed or unsealed wells are the frequent cause of surface contamination entry into the ground water regime.

